The work investigated the design and evaluation of microspheres of Nitazoxanide by Ionotropic gelation technique method. 3 2 Factorial designs were used and concentration of polymer carbopol-934 (X1) and Ethyl cellulose (X2) were selected as the independent variables. The surface morphology study by SEM indicated that microspheres were spherical with smooth surface. There was no interaction between the drug and polymers, as studied by FTIR study. The prepared microspheres were characterized by entrapment efficiency, particle size micromeritic properties. It was observed that on increasing polymer concentration of formulations, % yield, the entrapment efficiency and particle size were increased whereas % drug release decreased. The In Vitro release study was done using U.S.P. dissolution rate basket type apparatus in phosphate buffer pH 7.4 for 10 hr. It shows that on increasing polymer concentration the drug release of all formulations was gradually decreased. In Vitro mucoadhesion study depicts that as the polymer concentration increased, mucoadhesive nature of the formulation was also increased. The microspheres of NTZ (formulation F 9 ) showed best results due to highest drug entrapment efficiency (85.50%), and percentage drug release after 10.0 hr. was 50.25%. The rate of release followed First order kinetics. The microspheres exhibits good mucoadhesive properties in in-vitro wash-off test at pH 7.4 (Intestinal pH) than pH 1.2 (gastric pH),because the drug was completely absorbed in Gastrointestinal tract, Therefore, it can be concluded that Nitazoxanide Loaded algino-carbopol-934 microspheres can be formulated for sustained drug delivery of Nitazoxanide used in Chronic Hipatitis-C.
INTRODUCTION
Microspheres are small spherical particles, with diameters in the micrometer range (typically 1 μm to 1000 μm), manufactured from natural or synthetic polymers. Microspheres have numerous applications depending on what material they are constructed of and what size they are. Microsphere play numerous applications in biomedical sciences from diagnostic to drug delivery microsphere had reported for chemoembolisation (endovascular therapy) , radio imaging topical delivery, vaccine delivery and delivery of Monoclonal antibodies mediated microspheres targeting. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] Nitazoxanide (NTZ) chemically [2-[(5-nitro-1, 3-thiazol-2-yl) carbamoyl] phenyl] acetate, which is a newly approved antiprotozoal drug used in the treatment of cryptosporidiosis in immune comprised patients including those with AIDS or HIV infection [7] [8] [9] [10] . NTZ is rapidly absorbed and converted to active metabolite tizoxanide, which inhibit Pyruvate ferredoxin oxidoreductase pathway. Nitazoxanide appears to have activity against metronidazole (MTZ) resistant protozoal strains and well tolerated.
It is indicated for amoebiasis, helminthiasis giardiasis, fascioliasis, trichomoniasis and cryptosporidiosis [10] [11] [12] [13] [14] . The anti-protozoal activity of nitazoxanide is believed to
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[191] CODEN (USA): JDDTAO be due to interference with the pyruvate:ferredoxin oxidoreductase (PFOR) enzyme dependent electron transfer reaction which is essential to anaerobic energy metabolism. [15] [16] [17] [18] [19] [20] It has also been shown to have activity against influenza A virus. A survey of literature reveals that very few method & solvents were available for the estimation of Nitazoxanide.
MATERIALS AND METHODS

Materials
Nitazoxanide was obtained from Alembic Pharmaceutical Ltd. Vadodara India. Carbopol-934 was obtained from Manish Pharma, Baddi, India. Sodium alginate, ethyl cellulose, calcium chloride, di sodium hydrogen phosphate, and methanol were obtain from S .D. Fine chemicals. All the other chemicals and reagents were of analytical grade. Drug and polymer were evaluated spectometrically for purity, identity.
Method
In brief weight quantity of sodium alginate (3%) and ethyl cellulose were dissolved separately in distilled water (100mL) and ethanol (5mL). Then solution of ethanol was mixed in previously prepared sodium alginate solution. In separate beaker weight quantity of drug and Corbopol-934 were dissolved in methanol and added to above solution with continuous stirring. The prepared mixture was dropped into CaCl 2 (3% w/v) solution using 26 G Syringe needle. Microspheres were obtained, filtered, washed with distilled water, air-dried at room temperature and stored in desiccators. [20] [21] [22] [23] [24] [25] [26] [27] Formulation Design F1  30  60  60  3  3  F2  30  30  60  3  3  F3  30  90  60  3  3  F4  30  60  30  3  3  F5  30  30  30  3  3  F6  30  90  30  3  3  F7  30  60  90  3  3  F8  30  30  90  3  3  F9  30  90  90  3 3
Particle size
Particle size of Nitazoxanide microspheres were measured by optical microscopy. The values obtained were from triplicate experiments and expressed as mean ± standard deviation [28] [29] [30] [31] .
Microsphere recovery, drug content and entrapment efficiency
Nitazoxanide Microsphere recovery (%) was calculated by weighing lyophilized Microsphere accurately, and using following formula
×100
Drug content study
The drug content of microsphere was determined by spectrophotometrically at 414.4 nm (UV-2201, Systonics). Each determination was made in triplicate. [32] [33] [34] [35] Drug content were calculated by using following formula Drug Content = Conc. × dilution factor × volume/1000
Morphological Examination (SEM)
A texture of surface for prepared microspheres was done by taking Scanning electron photomicrographs. The sample was spread on stub and coated for 120 Swith a layer of gold using a sputter coater. Afterwards, the stub containing the sample was placed in the scanning electron microscope (ZEISS) chamber at the acceleration voltage of 10 kV, chamber pressure of 0.6 mm Hg.
36-39
X-ray Powder Diffractometry (XRD)
Diffraction patterns of physical mixtures; drug and polymers were recorded with a PW 3040/60 X' Pert PRO, Netherland. A voltage of 40 KV and a current of 45 mA for the generator were used, with Cu as the tube anode material. The solids were exposed to Cu-Kα radiation (α1=1.54060 Å and α2=1.54439 Å, with a α1/α2 ratio of 0.5), over a range of 2θ angles from 0 0 C to 60 0 C, at an angular speed of 3 0 (2θ) per minute.
Differential scanning calorimetry (DSC)
DSC provides information about all physical properties of sample as Crystalline or Amorphous nature and demonstrates the possible interaction between Drug and other Polymers. 
In-vitro mucoadhesion study
The mucoadhesive property of microspheres was evaluated by an in vitro adhesion testing method known as wash-off method by using freshly excised piece of intestinal mucosa (2 x 2 cm) from goat, glass slides (3 x 1 inch) and USP tablet disintegrating test machine [41] [42] [43] . In brief microsphere were spread on tissue specimen attached with glass slide and hung it on to the arm of USP apparatus then assembly started. At the end of one
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In-vitro drug distribution study
In-vitro drug distribution study of Nitazoxanide microsphere were calculated spectometrically by using basket dissolution apparatus [44] [45] [46] [47] [48] [49] [50] .
Stability of Mucoadhessive microspheres
Stability studies were performed according to ICH and WHO guidelines. Optimized microspheres were packed in an aluminum foil and kept in petridish at room temperature (37 o C) and in Humidity chamber at 40 o C, 75% RH for a period of 28 days [51] [52] [53] [54] [55] . At the end of studies, Microspheres were evaluated for physical properties, in-vitro drug release and drug content.
RESULTS AND DISCUSSION
Drug Identification Tests
Melting Point Determination (Capillary Method)
Melting point of the drug was determined using capillary method by the melting point apparatus. Drug was filled in the capillary after sealing the capillary from one end and then the sample was placed in the apparatus along with the thermometer and when the drug melted its temperature is recorded. Melting point of the drug sample was found to be 198 0 C (Ideal m.p.202 0 C).
UV Spectrophotometric Study
The λ max was determined by preparing the 25 ml Actonitrile & water (9:1) solution of 2µg/ml-10µg/ml and further the sample was scanned at the range of 400-200nm. It was observed that the maximum absorbance was seen at 238.3nm, (using UV2201Pharma Spec Systronics) which was regarded as the λ max of the drug Nitazoxanide . The λ max of the drug Nitazoxanide in 50 ml Methanol:water (50:50) mixture was found to be 328 nm as & in pH 7.4 phosphate buffer was found to be 414.4 nm.
. 
IR Spectral Analysis
Infrared (IR) spectroscopy was performed using FTIR Spectrophotometer (Shimadzu) the spectrum was recorded in the wavelength region of 4000 to 600 cm −1 .
Pellets for the spectra were prepared using KBr hydraulic press, by dispersing a sample of drug in KBr and compressed into discs. The pellet was then placed in the FTIR and the spectrum was obtain and its interpretation is shown below. Amide group 3000-3700 3405.5
Evaluation of Microspheres Micrometric Properties of microspheres Particle Size Analysis
The optical microscopy method was used to determine the particle size of prepared microspheres, in this method, the diameter of 100 microspheres was determined and from it the mean diameter was calculated. All readings were taken in triplicate.
The mean particle size was found to be 580.75 ±6.87μm to 729.94 ±10.12μm
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Bulk density
The bulk density was found to be 0.320 ±.03 gm/cm 3 to 0.450±.03 gm/cm 3 
Tapped density
The tapped density was found to be 0.358 ±0.01gm/cm 3 to 0.520±.02 gm/cm 3 *F5 formulation showed the best flow property and flow of all other formulations were excellent this showed that particles were decreases their crystallinity. 
SEM
The surface morphology of mucoadhesive microspheres was examined by Scanning electron microscopy (SEM) ,the SEM showed that microspheres obtained from optimized formulation was spherical and smooth surface at two different magnifications (10 µm & 50 µm) as shown in Fig.7 . 
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Powder X-Ray Diffraction Study (PXRD) of Drug and Formulation
The presence of several Large peaks in the PXRD of Pure drug Nitazoxanide at a diffraction angle of 6.50º, 25.02º, 31.50º and 46.25º were obtained, but in
Nitazoxanide microspheres formulation small peaks were obtained at diffraction angle 31.53 º, 44.84º&56.85º were obtained revealed that the drug is present as a crystalline form and converted into amorphous form as shown in figure. The mucoadhesive property of microspheres was evaluated by an in vitro adhesion testing method known as wash-off method in phosphate buffer pH 7.4. 
Invitro Studies
The prepared microspheres of Nitazoxanide were placed in each of the six basket dissolution apparatus. The assembly was maintained at a temperature of 37 0 C in phosphate buffer, pH 7.4. Samples were withdrawn at definite time intervals and replaced by equal volume of fresh medium. The absorbance of samples was measured from UV spectrophotometer. Concentration and % cumulative release of drug from the formulation was then calculated [56] [57] . Formulations (F9) showed lesser drug release than (F5) because higher the polymer concentration lower the drug release where as in case of F5 formulation the polymer conc. was less so drug release is higher so F9 Formulation showed best result for sustained release. 
Statistical Analysis
Factorial design was used to select the factors displaying the most effects on the microspheres properties. 
CONCLUSION
Nitazoxanide loaded Alginate microspheres were successfully prepared by Ionotropic gelation technique. The micromeritic study of microspheres suggests that on formulation of microsphere from pure drug the flow behavior of drug was improved. From the SEM of microspheres it was evident that the microspheres were spherical in shape with smooth surface. The mean particle size of microsphere was found in the range of 580.75µm to 729.94µm. A systemic study using a 3 2 Factorial design was done. The independent variables had significant influence on dependent variables. Concentration of polymer ratio influence drug release profile & entrapment efficiency of microspheres. As the polymer concentration increases, % drug release decreases whereas the entrapment efficiency increases. All the formulation followed first order release kinetics. The Formulation F 9 showed maximum entrapment efficiency of 85.50% and 50.25% of control drug release up to 10hr. The microspheres exhibited good mucoadhesive property in the in vitro wash off test and also showed high percentage drug entrapment efficiency. Formulation F 9 microspheres were selected as best formulation for preparation of sustained drug delivery system. The data obtained thus suggest that mucoadhesive microspheres can be successfully designed for sustained delivery of Nitazoxanide and to improve patient compliance.
